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SODIUM RETENTION IN HEART DISEASE* 


Impairment of sodium excretion in patients 
with chronic congestive heart failure has long 
been recognized; and the maintenance of sodium 
balance is one of the major problems in the man- 
agement of this disease. Recently studies have 
shown that the ability to excrete salt is impaired 
even after “compensation”; the non-edematous 
patient who maintains sodium balance on a low- 
sodium diet is unable to do so after a moderate 
increase in salt intake.?* 

The pathogenesis of the sodium retention in 
heart disease has been investigated for many 
years but still remains a highly controversial sub- 
ject. It is generally agreed that although the 
cardiac lesion is the initiating factor the kidney 
is the organ ultimately responsible for the sodium 
retention. According to current concepts of renal 
function, sodium retention could result from 
either a reduction in glomerular filtration rate or 
an increase in tubular reabsorption or both. The 
controversy concerns the relative importance of 
reduced glomerular filtration and of increased 
tubular reabsorption in the sodium retention of 
heart disease. Some observers maintain that the 
reduced glomerular filtration rate which is ob- 
served in patients with frank congestive failure 
is largely responsible for impaired sodium excre- 
tion.*>-® Others, however, doubt that the chronic 
reduction in glomerular filtration rate which 
occurs in congestive failure would itself produce 
chronic sodium retention.? Furthermore, several 
reports indicate that clinical improvement, with 
increased salt excretion and loss of edema, may 
occur without any rise in the depressed glomeru- 
lar filtration rate.** In view of many observations 
on the apparent lack of correlation between the 
rate of sodium excretion and glomerular filtra- 
tion rate, greater emphasis has recently been 
placed on the importance of increased tubular re- 
absorption in the production of sodium retention.® 

The problem of dissociating the glomerular 
from the tubular factor in sodiurh retention has 
been a difficult one, since 99 per cent or more of 
the filtered sodium is ordinarily reabsorbed in 
both normal and cardiac patients. Furthermore, 
a 1 per cent decrease in glomerular filtration rate. 
from 100 to 99 ml/min., (a change which could 
not be detected by present methods) would, at 


* From the Department of Physiology, Harvard Medical 


School. 


a serum sodium level of 140 meq/1, reduce the 
filtered load of sodium by 0.14 meq/min. This 
may be as much as is excreted in the urine per 
minute. Therefore, if the total amount of sodium 
reabsorbed by the tubules remained constant, 
sodium retention would ensue. On the other 
hand a very small increase, e.g. 1 per cent, in 
tubular reabsorption of sodium could produce 
the same retention. Hence clear-cut proof or dis- 
proof of current concepts is quantitatively difficult. 

Another reason for uncertainty in this con- 
troversy is the inadequacy of control observations 
of renal function in patients with heart disease. 
Studies made during frank failure are usually 
compared with those made on the same patient, 
or even a different group of patients, after favor- 
able response to treatment. Although the patient 
is improved, he still does not have a normal cir- 
culatory system. The ideal study of the renal 
factors in the pathogenesis of sodium retention 
in heart disease would include control observa- 
tions made prior to onset of the cardiac lesion. 
In man this has not, as yet, been done. Starling 
appreciated this predicament and in 1910 re- 
marked that the analysis of the factors involved 
in the pathogenesis of congestive heart failure 
was most difficult because the syndrome had not 
been produced in animals. 

In recent years several methods have been 
employed to produce chronic congestive heart 
failure in dogs. For example, the combination of 
tricuspid insufficiency and pulmonary stenosis 
has resulted in a syndrome similar to right-sided 
congestive failure as seen in man,!° with cardiac 
enlargement, elevated venous pressure, low fixed 
cardiac output, decreased exercise tolerance, 
hepatomegaly, ascites, and edema. The degree of 
sodium retention has correlated well with the 
clinical condition of the animals. Furthermore, 
sodium excretion following saline infusion was 
markedly reduced. Water diuresis after oral water 
loading was also reduced but to a lesser degree.' 

More significant is the finding that the peak 
rate of sodium excretion, following a saline load, 
is decreased even in dogs with extremely mild 
right-sided valvular lesions, which are not severe 
enough to reduce exercise tolerance and do not 
produce edema or ascites. The clinical condition 
of these animals remains grossly normal and 
stable over many months. Furtliermore, chronic 


_ digitalezation with digitoxin has been found to 


restore normal sodium excretion in these dogs 
with the mild valvular lesions. These observations 
raise the interesting possibility that- reductions 
in the maximum sodium excretion occur far 
earlier in the course of heart disease than former- 
ly supposed, even at a time when resting cardiac 
output is in the normal range. 

Renal function studies following the production 
of mild valvular damage have demonstrated no 
change in the basal glomerular filtration rate or 
renal plasma flow in these dogs. To circumvent 
some of the difficulties in dissociating tubular 
from glomerular activity, the functional capacity 
of the kidney for sodium excretion was tested by 
intravenous sodium loading with measurement of 
renal clearances before and after the infusion. 
Such an infusion produces changes in glomeru- 
lar filtration rate which are outside the limits of 
error of the methods. Under these circumstances 
marked differences in tubular activity were noted 
between the normal dog and the dog with mild 
valvular damage. After saline infusion in the dog 
with mild valvular damage glomerular filtration 
rate and renal plasma flow rose to a normal 
degree, yet sodium and water excretion were 
decreased as a result of more complete tubular 
reabsorption. These animal experiments, there- 
fore, support the view that renal tubular dysfunc- 
tion is the more important factor in the patho- 
genesis of the sodium retention in heart disease. 
That the tubular abnormality may be part of a 
more general metabolic alteration is suggested by 
the low sodium content of sweat, saliva, and 
feces from patients with congestive heart failure,!* 
but the specific means by which a heart lesion 
influences sodium and water metabolism remains 
to be demonstrated. This problem is of more 
than academic interest. The elucidation of the 
mechanism responsible for sodium retention in 
congestive heart failure may have important 
therapeutic implications and may permit inter- 
ruption of the chain of events leading to frank 
failure, thus prolonging the asymptomatic stage 


of the disease and improving the management of 
the edematous patient. 


A. C. Barcer, M.D. 
A. M. Rupotpa, M.D. 
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